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the SOC ChannelStore-operated Ca2+ entry is a widely encountered mechanism for generating
cytoplasmic Ca2+ signals. From a whole-genome screen in HeLa cells, a new
study reveals that cytoskeletal septins play a critical role in this process, by
organizing signaling structures in the plasma membrane.James W. Putney, Jr.
Store-operated Ca2+ entry (SOCE) is a
process by which the level of Ca2+
stored in the endoplasmic reticulum
(ER) regulates Ca2+ influx through
plasma membrane Ca2+ channels [1].
SOCE was originally thought of as a
mechanism to refill Ca2+ stores
following their mobilization, for
example, by inositol trisphosphate.
However, it is becoming increasingly
clear that SOCE serves as a primary
source of signaling Ca2+ to which many
downstream pathways of signal
transduction are tightly linked [2,3].
Following the initial proposal of such a
mechanism in 1986 [4], considerable
effort focused on identifying the key
molecular components of the
pathway, notably the signal from the ER
to the plasma membrane and the
plasma membrane store-operated
channel [5]. Ultimately, targeted and
then whole-genome RNAi screens
revealed the two major players: firstly,
STIM proteins (in vertebrates, STIM1
and STIM2) in the ER serve as Ca2+
sensors; and, subsequently, activators
of the plasma membrane
store-operated channels, composed of
Orai subunits (in mammals, Orai1, 2
and 3) [6,7].
Shortly after the discoveries of STIM
and Orai, experiments overexpressing
just two proteins, usually STIM1 and
Orai1, produced huge intracellular Ca2+
signals, generating up to a 20-fold
enhancement of the Ca2+ currentunderlying SOCE [8]. This led to the
preliminary conclusion that these two
proteins might be the only obligatory
constituents of the SOCE mechanism.
However, the danger with
overexpression experiments is that
one generally does not have precise
control or knowledge of the exact
concentrations of the expressed
proteins and cannot determine the
efficiency of the process. In addition,
there is the possibility of obligatory
participants whose role is more
catalytic than stoichiometric, such
that the endogenous levels of these
proteins are sufficient to permit
STIM1–Orai1 interaction. A relevant
example is found in a recent
publication showing that knockdown
of a specific phospholipase inhibits
SOCE to the same extent as does
knockdown of STIM1 or Orai1;
however, when STIM1 and Orai1 are
overexpressed, this phospholipase
is no longer needed [9].
The laboratory that first identified
Orai1 did so by screening a
whole-genome Drosophila RNAi
library and by monitoring the nuclear
translocation of NFAT, a Ca2+-activated
transcription factor, as a readout of
SOCE [10]. Reasoning that mammalian
cells might regulate SOCE in more
complex ways, a new study from this
same laboratory now reports the
screening of a whole-genome
mammalian RNAi library in HeLa
cells, again utilizing NFAT nuclear
translocation as a marker of SOCE [11].Sharma et al. [11] found that a strong
inhibition of NFAT nuclear translocation
occurred with a pool of siRNAs
directed against septin 4, an siRNA
pool that was later shown to reduce
expression of septins 2, 4 and 5. With
more specific duplexes, knockdown of
all three septins was shown to be
required for the reduction in NFAT
translocation.
SOCE activation begins when low
Ca2+ concentration in the endoplasmic
reticulum leads to oligomerization
of STIM1 and its accumulation at
the plasma membrane in specific
ER–plasma membrane junctions [12].
Subsequently, Orai1 is recruited
to these junctions, leading to the
formation of readily identifiable sites of
concentration of both STIM1 andOrai1,
termed puncta. There, SOCE ensues
due to a direct interaction between
STIM1 and Orai1 [7]. Orai1 can also be
constitutively activated by expression
of a portion of the soluble carboxyl
terminus of STIM1. Sharma et al. [11]
demonstrated that depletion of cellular
septins inhibited activation of Orai1 by
full-length STIM1 in response to Ca2+
store depletion, but did not inhibit
constitutive activation of Orai1 by the
carboxyl terminus of STIM1. Thus,
neither the channel function of Orai1
nor its activation by STIM1 interaction
appears to require septins. Rather it
would seem that access of STIM1 to
Orai1 must be impaired by septin
depletion. Consistent with this
interpretation, colocalization of STIM1
and Orai1 in puncta following Ca2+
store depletion was substantially
reduced in septin-depleted cells [11].
When expressed alone (with only
endogenous Orai1 present), the rate
and extent of STIM1 movement to
puncta was substantially diminished.
Orai1 was also affected; in resting cells
Orai1 is rather uniformly distributed
in the plasma membrane, but when
Dispatch
R685septins were depleted Orai1 became
less uniform with irregular clustering.
Following Ca2+store depletion, Orai
was less able to form discrete puncta.
Interestingly, septins do not appear to
colocalize with STIM1 and Orai1 in
the puncta but instead localize just
outside of them in separate
clusters [11].
Septins are cytoskeletal proteins
capable of forming filamentous
structures [13]. Originally discovered
as proteins involved in yeast budding,
they are now thought to function as
membrane sorting or barrier proteins.
For example, septins are involved in
segregating the constituents of the
membranes of dendritic spines from
the neurons to which they are attached.
Septins also prevent mixing of
membrane constituents between
apical and basolateral membranes in
epithelial secretory cells, and are
responsible for maintaining the unique
composition of the membranes of cilia.
One of the ways that septins regulate
membrane composition is by
interacting with the key membrane
regulatory lipid phosphatidylinositol
4,5-bisphosphate (PIP2). In accordance
with this, Sharma et al. [11] found that,
when Orai1 accumulates in puncta,
PIP2 is segregated to the periphery;
however, when septins are depleted,
this segregation of PIP2 was essentially
lost.
Thus, septins clearly have an
important function in SOCE: they
appear necessary for proper
movement of STIM1 to junctional sites
where it activates Orai1, and they
appear to play a role in modulating Orai
distribution in the plasma membrane
and in clearing PIP2 from junctionalsites. However, more work will be
needed to understand exactly how
septins provide these important
functions. For example, what is the
role of the redistribution of PIP2?
Although not entirely clear, from the
data it may be suggested that PIP2
redistribution may contribute to
stabilization of the STIM1–Orai1
complexes in puncta. Note that, at
more physiological temperatures,
STIM1 resides constitutively in the
ER–plasma membrane junctions,
where it is held by interaction with
membrane PIP2 [14]. Yet, this
interaction is not required for the
interaction between STIM1 and Orai1.
Thus, septins might function by
remodeling the lipid composition of the
junctional membranes, thereby
increasing mobility of STIM1 and
facilitating interaction with Orai1.
Sharma et al. [11] reasonably
speculate that septins may be
involved in organizing many other
plasma membrane-based signaling
mechanisms. This is an exciting
possibility and we look forward to
the development of the septin story
as a newly opened chapter in
understanding membrane signaling
mechanisms.References
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Coding for Distal and Local CuesEntorhinal cortex is implicated incoding the locationof spatial cues: anewstudy
has found that distinct regions of entorhinal cortex respond differentially to
distal versus local cueswhen thesecuesare rotated inconflictwithoneanother.Michael E. Hasselmo
The entorhinal cortex plays an
important role in memory function,
as demonstrated by impairments of
memory for spatial locationwith lesionsof the entorhinal cortex [1]. Different
regions of the entorhinal cortex have
been proposed to play a differential
role in coding of memory: neurons in
the medial entorhinal cortex coding
spatial location, and neurons in thelateral entorhinal cortex coding the
identity of local objects [2,3]. These two
coding frameworks have not, however,
previously been directly contrasted
with one another. A recent study by
Neunuebel et al. [4] directly contrasts
the responses of these two regions
during manipulations that separately
alter the distal cues that drive spatial
representations versus the local
cue representations of items in the
environment.
The new study [4] used a
well-established experimental design
that contrasts the influence of sensory
